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Introduc@on:	  Atomic	  Force	  Microscope	  
	  	  
Atomic	  Force	  Microscopes	  (AFM)	  are	  used	  to	  measure,	  
among	  other	  factors,	  normal	  and	  lateral	  forces	  at	  the	  atomic	  
level.	  For	  measuring	  fricFonal	  forces	  a	  sharp	  Fp	  (R<7nm)	  
canFlever	  approaches	  the	  surface	  and	  then	  is	  moved	  laterally	  
back	  and	  forth	  across	  a	  set	  distance	  
	  
A	  laser	  is	  focused	  on	  the	  back	  of	  the	  canFlever	  and	  reﬂected	  
into	  a	  photo	  diode	  to	  determine	  the	  exact	  locaFon	  of	  the	  
canFlever.	  For	  example	  as	  the	  canFlever	  approaches	  the	  
surface	  a	  repulsive	  force	  will	  cause	  the	  Fp	  to	  bend	  
backwards,	  or	  as	  the	  Fp	  is	  dragged	  across	  the	  surface	  it	  will	  
twist.	  Both	  of	  these	  acFons	  will	  cause	  a	  change	  in	  the	  
reﬂected	  laser	  posiFon	  which	  is	  then	  translated	  into	  the	  
force	  acFng	  on	  the	  canFlever.	  A	  tcanFlever	  can	  be	  run	  across	  
a	  surface	  over	  a	  set	  area	  to	  map	  the	  sample	  topography	  
which	  results	  in	  an	  “image”.	  
	  
This	  method	  is	  oOen	  used	  to	  determine	  fricFonal	  forces	  at	  
the	  atomic	  level	  as	  forces	  can	  be	  detected	  below	  the	  level	  of	  
a	  nanonewton.	  A	  fricFon	  scan	  is	  the	  movement	  of	  the	  
canFelever	  across	  a	  set	  distance	  and	  back	  again.	  FricFon	  is	  
deﬁned	  as	  the	  half	  diﬀerence	  in	  force	  (oOen	  given	  in	  voltz)	  
between	  the	  two	  scans.	  
Atomic Slip 
 
When friction forces curves are run very slowly, i.e. tip 
velocities in the range of nm/s, line scans can reveal 
atomic slip, the “slipping” of the cantilever over a single 
atom. 
Goal 
 
Write a MATLAB script which finds the 
average atomic slip on the trace and 
retrace, for multiple  friction loops and 
output the results into a text file. 
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Method 
 
•  Create two matrices, trace and retrace that contain the 
voltages recorded as the cantilever moved across the 
surface. (i.e. a matrix with only the Y values from the 
graph)   
•  Look at each point on the trace curve, one at a time, and 
compare it to the value directly before it and directly after 
it. 
•  Determine if the point is a minimum, max or neither. 
•  If the point is a max, store it under the MAXPOINTTRACE. 
•  If the point is a minimum store it under MINPOINTTRACE 
and then determine the atomic slip by  
 
ATOMICSLIPTRACE = MAXPOINTTRACE – MINPOINTTRACE 
 
•  ATOMICSLIPTRACE is then saved in a matrix to be averaged. 
•  Procedure is repeated for the retrace curve. 
Results 
 
 Atomic	  Slip	  
MATLAB	  Atomic	  Slip	  Average	  =	  .062	  V	  
